ABSTRACT. The canine caspase-3 gene was cloned and sequenced. The canine caspase-3 cDNA clone was 1473 base pairs in length and encoded 277 amino acids. The predicted amino acid sequence showed 88.4%, 88.0%, 85.9%, 65.9% and 60.6% homology with that of human, pig, mouse, chicken and zebra fish caspase-3, respectively. The caspase-3 mRNA was confirmed to express in skin, lymph node, bone marrow, small intestine and lung from a healthy dog by RT-PCR analysis.
Apoptosis or programmed cell death is an essential process during normal development and homeostasis of a multicellular organism [3, 7, 13, 22] . Caspases (14 so far identified) are cysteine proteases which play important roles in the activation of cytokines [4, 6, 15] and in apoptosis. Among them, caspase-3 was first identified as a 32-kDa putative cysteine protease (CPP32) with significant homology to Caenorhabditis elegans cell death protein (Ced-3) and mammalian interleukin-1β (IL-1β) converting enzyme (ICE) (caspase-1) [2] . Some reports indicated that caspase-3 is indispensable for apoptotic chromatin condensation and DNA fragmentation in all cell types [11, 17, 25] . Caspase-3-deficient mice show neural abnormalities due to failed neural apoptosis [14] . Therefore, caspase-3 would be a key enzyme involved in apoptosis [8, 21] . In humans, a considerable number of studies have been conducted on the relationship between apoptosis and diseases including tumors [1, 5, 10] and autoimmune diseases [9, 16, 20] .
Nevertheless, no gene in the caspase family other than caspase-1 in dogs [23] , was available to investigate the molecular mechanisms of apoptosis in the diseases. Therefore, little is known about the apoptotic molecular mechanism in canine diseases.
In this report, we identified cDNA encoding canine caspase-3 and examined the expression of caspase-3 mRNA in spontaneous apoptosis of neutrophils. Moreover, we examined its activity in various tissues in dogs.
Total RNAs were extracted from peripheral blood mononuclear cells of a healthy beagle dog with a RNeasy Mini Kit (QIAGEN, CA A series of 5'-and 3'-RACE-PCR experiments were carried out to determine the full length of cDNA sequences for the canine caspase-3 by using the 5'RACE System for Rapid Amplification of cDNA Ends (GIBCO BRL, MD) and the 3'RACE System for Rapid Amplification of cDNA Ends user manual (GIBCO BRL). The sequences of primers were designed from the sequences of amplified products of the canine caspase-3 fragment. The PCR products of 5' and 3' sides of caspase-3 were sequenced as mentioned above.
The full length cDNA clone of caspase-3 (1473 bp) contained a single open reading frame of 831 bp coding a protein of 277 amino acids (GenBank/EMBL/DDBJ accession no,-AB085580). Two consensus polyadenylation sites (AATAAA) were found in the 3' untranslated region (Fig.  1) . The deduced amino acid sequences of the canine caspase were aligned with amino acid sequences deduced from the human, pig (accession no,-AB029345), mouse (accession no,-Y13086), chicken (accession no,-AF083029) and zebra fish (accession no,-AB047003) caspase-3 gene, and found to share 88.4%, 88.0%, 85.9%, 65.9% and 60.6% homology, respectively. The amino acid alignment of canine caspase-3 to human, mouse, pig, chicken and zebrafish caspase-3 shows that the active site for pentapeptide (QACRG; Gln-Ala-Cys-Arg-Gly) involved in catalysis activity is conserved in canine caspase-3 ( Fig. 2A) . Based on a phylogenetic analysis, the canine caspase was classified into a cluster of the caspase-3 sub-family (Fig. 2B) , suggesting that the isolated cDNA clone could encode the canine caspase-3.
To identify caspase-3 mRNA expression during spontaneous apoptosis of neutrophils, canine neutrophils isolated from peripheral blood were incubated at 37°C in RPMI 1640 culture medium containing 10% (v/v) fetal calf serum for 0 and 12 hr. At these times, cells were collected and analyzed by RT-PCR. Apoptotic cells were identified by characteristic chromatin condensation and cytoplasmic vacuolization with TUNEL stain (Fig. 3A) . As an internal control, glycerardehyde-3-phosphate dehydrogenase (GAPDH) mRNA was amplified in each sample. We used the following primers: caspase-3 sense, 5'-CATGGCCT-GTCAGAAAATAC-3' (nt. 827-846), and antisense, 5'-TAACCCGAGTAAGAATGTGC-3' (nt. 983-1002); and GA P D H (a c ce ss ion n o ,-AB 0 38 2 4 0 ) se n se , 5 ' - To examine the phylogenic relationship of the caspase family, the amino acid sequences were analyzed by the ClustalW program [24] and phylogenetic trees were constructed by the TreeView program [19] . Numbers on the internal branches denote the bootstra p percentages of 1,000 replicates. The scale indicates the evolutionary distance of one amino acid substitution per site. The amino acid sequences used for the analysis were obtained from the National Center for Biotechnology Information protein database with the f ollowing accession numbers: chicken caspase-3 (AAC32602), human caspase-1, -2, -3, -4, -5, -6, -7, -8, -9, -10, -13 and -14 (XP_006264, AAO25653, XP_003524, XP_006262, XP_006263, XP_003600, NP_001218, XP_002515, XP_001584, XP_002516, NP_003714 and NP_036246, respectively), mouse caspase-3, -11, -12 (NP_003940, NP_031635 and NP_033938, respectively), pig caspase-3 (BAB55544) and zebrafish caspase-3 (NP_571952).
GGAGAAAGCTGCCAAATATG-3' (nt. 741-760) and antisense, 5'-ACCAGGAAATGAGCTTGACA-3' (nt. 915-934). For the RT reaction, total RNA (2 µg) was primed with oligo (dT) and reverse-transcribed into cDNA with an Omniscript TM Reverse Transcriptase kit (QIAGEN). The conditions for PCR amplification of cDNA were as follows: one cycle at 95°C as an initial denaturation step; then, denaturation at 94°C for 1 min, annealing step at 64°C for 1 min, and extension at 72°C for 2 min. The level of caspase-3 mRNA was higher in neutrophils at 12 hr incubation rather tha n tha t at th e p re-inc u ba tio n sta g e (Fig . 3B ) .
In addition, RT-PCR analysis was carried out to investigate caspase-3 mRNA expression in various canine tissues. Total RNAs were extracted from liver, kidney, lymph node, bone marrow, muscle, heart, skin, small intestine, pancreas and lung of a healthy dog. The conditions for RT reaction and PCR amplification were as mentioned above. As shown in Fig. 4 , expected size bands of 176 bp derived from canine caspase-3 mRNA were detected in skin, lymph node, bone marrow and small intestine, whereas the bands were relatively week in lung. The PCR products were assessed by subsequent cloning and sequencing. In conclusion, the cDNA encoding the full-length canine caspase-3 was cloned and sequenced.
On the other hand, it was reported that healthy dog neutrophils underwent apoptosis spontaneously within hours to days in vitro [18] . Therefore, the increase in expression of canine caspase-3 mRNA during spontaneous PMNs apoptosis showed that canine caspase-3 is likely to contribute in an important way to the execution of apoptosis.
In healthy dogs, caspase-3 mRNA might be expressed in various tissues and its expression might correlate with maturation and apoptosis of cells in some tissues [12] .
The expression of caspase-3 in cells of the lymph node and bone marrow suggests that caspase-3 could play an important role in the regulation of apoptosis in the immune and hemopoietic system. These systems are those in which apoptosis occurs most frequently in response to many kinds of stimuli. The relationship between apoptosis and dog diseases has remained largely unknown until now. The results described in this study will be very helpful in investigating the relationship between the role of this molecule and tumor and autoimmune diseases associated with apoptosis in dogs. 
